The Jurassic Mirdita ophiolite crops out in the western branch of the HellenideDinaride ophiolite belt in the Balkan Peninsula; it represents a remnant of the Tethyan oceanic lithosphere developed between the Apulian and Pelagonian microcontinents. Emplaced during the Cretaceous on the western margin of Pelagonia, the Mirdita ophiolite was involved in southwestward thrusting of the Hellenide-Dinaride tectonic units during the Eocene alpine tectonics. It was little affected, however, by these alpine events as marked by nearly horizontal Cretaceous limestone deposits overlying the ophiolite. A continuous section of Middle Jurassic oceanic crust, including thin gabbros, a N-S-trending sheeted dike complex, and extrusive rocks, is exposed in the central part of the ophiolite and thickens eastward within a regional, N-S-trending synform. Peridotite massifs exposed along the western and eastern edges of this synform show major structural and petrological differences. The eastern ultramafic domain has a harzburgitic mantle exhibiting a high-temperature asthenospheric foliation dipping steeply to moderately to the west. Major chromite deposits are restricted to these eastern ultramafic massifs. The western ultramafic domain has a zoned mantle, with asthenospheric harzburgite exposed at its western margin, progressively replaced eastward by plagioclase-peridotites that were highly strained at low temperatures, and that are bounded by amphibole-peridotites along with crustal rocks. The occurrence of plagioclase is ascribed to melt impregnation processes that occurred immediately before or during intense lithospheric deformation. The gabbros in the eastern massifs are thicker (1-2 km and layered, whereas they are highly thin and discontinuous in the western massifs. Mantle peridotites of the western massifs locally are in direct contact with the overlying diabase and volcanic rocks along ductile shear zones. Development of epidote-amphibolite facies metamorphism in upper-crustal rocks was produced by hydrothermal alteration in the oceanic realm, and was intense and widespread in the western domain. The Mirdita ophiolite likely originated in a short-lived, narrow ocean basin, which was closed during the Middle Jurassic by eastward overthrusting of the western domain, and westward subduction of the eastern domain. This constrictional phase was followed by dextral oblique convergence between the Pelagonian and Apulian microcontinents. This model implies a parautochtonous origin of the Mirdita ophiolite between these two microcontinents.
Introduction
The Jurassic Mirdita ophiolite is part of the Albanides in the central branch of the peri-Mediterranean Alpine belt. The Tethyan ophiolites occurring in the DinaridesAlbanides-Hellenides sections of this region have been described as forming paired belts (Pamic 1983 (Pamic , 1998 Shallo and Dilek 2003; Dilek and Flower 2003; Dilek et al. 2005) , composed mainly of lherzolitic peridotites in the west and harzburgitic peridotites in the east (Figure 1 ). The Mirdita zone strikes in a NNW-SSE direction between the Pelagonian and Apulian microcontinents that have sedimentation and deformation records extending from the Triassic to the Palaeogene. These two microcontinents bounding the Mirdita ophiolite have a record of a similar sedimentation history spanning the time period of the middle Triassic to middle Jurassic. The middle Jurassic marks the time of the formation of an ancient oceanic lithosphere exposed in the central part of Mirdita (Kodra et al. 1995; Dilek et al. 2005) . The Mirdita ophiolite is exposed in a synform structure trending NNW-SSE, more than 300 km long and up to 50 km wide, whose outcrops consist of two major belts of ultramafic massifs in the west and the east that are separated by the crustal sections of the Jurassic oceanic crust. The ophiolite is overlain by an Upper Jurassic mélange and flysch deposits, and by a Lower Cretaceous limestone. These later unconformable formations are nearly sub-horizontal and undeformed, suggesting that the ophiolite has been little affected by the Alpine tectonics.
The Mirdita zone shows a high positive gravity anomaly interpreted to be an artifact of the ophiolitic thrust sheet beneath the Palaeogene-Neogene sedimentary units between the Apulian and Pelagonian microcontinents (Frasheri et al. 1996; Dilek et al. 2005) . The gravity structure indicates a maximum thickness from 10 to 14 km at its NE edge, 6 km in its central part south of the Bulqiza massif, and even less at the western edge of this thrust sheet (Bushati 1988; Bushati et al. 1996) . The continental margins of Pelagonia and Apulia bounding the ophiolite on the east and the west are directly overlain by the basal peridotites and discontinuous exposures of metamorphic soles, which consist of micaschist and amphibolite assemblages, whose metamorphic grade can locally reach the garnet amphibolite facies. Recent 39 Ar/ 40 Ar dating of the metamorphic sole rocks (Vergely et al. 1998; Dimo-Lahitte et al. 2001) has shown similar ages between the east and west, but a diachronous progression from south (174 Ma) to north (164 Ma). These sole ages complement the previous data (Marcucci et al. 1992 (Marcucci et al. , 1994 Kellici et al. 1994) providing the biostratigraphic ages of the BajocianCallovian (170-160 Ma) for radiolarian cherts associated with basalts, and the Callovian-Oxfordian (160-150 Ma) for the fauna recovered from volcaniclastic rocks associated with dacitic flows in the extrusive sequence. In addition, U/Pb dating of zircon separates (165-160 Ma; Dilek et al. 2008) and apatite concentrates (166¡2 Ma; Ivanaj 1993) from the late-stage plagiogranite intrusions in the ophiolite show a small time gap between the igneous age of the oceanic crust and the formation of the metamorphic sole beneath the ophiolite, as documented from other ophiolites around the world (Jamieson 1981; Hacker et al. 1994) .
The western and eastern ultramafic massifs in the Mirdita ophiolite exhibit different structural and petrological characteristics, classically defined as lherzolitic in the west and harzburgitic in the east. The origin of this petrological duality is subject of discussion. Referring to these petrological differences, some authors 118
A. Meshi et al. (Ndojaj 1963; Dede et al. 1966; Tashko 1976; Anonyme 1983; Shallo 1994; Shallo et al. 1995; Tashko 1993; Shallo and Dilek 2003; Robertson and Shallo 2000) conclude that the two distinct peridotite belts might have formed in different tectonic settings (i.e. mid-ocean ridge and supra-subduction environment). Some other researchers (Nicolas et al. 1999) suggest, however, that the contrast between the western and eastern peridotite massifs reflects a cyclic functioning of a slowspreading environment with alternating episodes of dominantly tectonic (western lherzolitic massifs) versus dominantly magmatic processes (eastern harzburgitic massifs). In this paper, we document the internal structure and architecture of the main peridotite massifs in the Mirdita zone in northern Albania and explain the physical conditions and processes involved in the formation of asthenospheric and lithospheric structures in intra-oceanic conditions. We propose a structural and kinematic interpretation, distinguishing between the structures related to igneous accretion of the Jurassic oceanic crust and those related to the basin closure and plate convergence. We then discuss the significance of the occurrence of these paired ultramafic belts within the context of ophiolite generation in a small, Red Sea-type Tethyan ocean basin.
Structure of upper mantle peridotites
Peridotites in ophiolites contain penetrative structures, mainly foliation (mostly parallel to the banding when it is present) and lineation, distinguished macroscopically by the spinel morphology. These finite strain markers result from plastic flow, which causes shape and lattice fabric development representing a kinematic record (Nicolas and Poirier 1976) . The orientation of the plane and direction of the mantle flow and the shear sense are deduced from geometrical relations between shape and lattice fabrics that have been observed in thin sections sliced perpendicular to the foliation and parallel to lineation in the foliation plane that is in the XZ plane of the finite strain.
Based on the mineral parageneses and textures we observed in the ultramafic massifs of the northern Mirdita zone, we have identified three stages of deformation:
(1) coarse-grained textures (Figure 2 (a) and (b)) have an average grain size of 2 to 5 mm. Olivine grains exhibit irregular boundaries and largely spaced subboundaries. These textures generally characterize the harzburgitic facies (that contains 2-3% clinopyroxene) or the dunitic facies. They record deformation conditions at high temperatures (HTs), between 1000 and ,1200uC, in asthenospheric conditions. Locally tight substructures are superimposed, recording a late pulse of high-stress deformation, which did not modify the older fabric elements; (2) porphyroclastic to submylonitic anhydrous textures are characterized by variable fractions of dynamic recrystallization of olivine (Figure 2(c) ). They are developed in the basal harzburgites of the eastern massifs or along vertical shear zones, and mostly in the plagioclase peridotites of the western massifs (Figure 3 (b)-(d)). They record deformation at high-stress conditions and relatively low temperatures (LTs) of 800 to 1000uC, i.e. lithospheric conditions; (3) hydrated submylonitic textures are distinguished here because they have a particular importance, and they occur in the peridotites with pargasitic hornblende in the western massifs (Figure 2(d) ). These textures develop in the same temperature range, in hydrated shear zones affecting the lithospheric mantle.
Ultramafic massifs in the eastern Mirdita zone
The eastern massifs, Bulqiza, Lura, Kukes, and Tropoje (Figure 4 (a) and b)) have a mantle section composed of mainly of harzburgite interlayered with dunite and significant concentrations of metallurgical chromitite. The mantle section in these 120 A. Meshi et al. massifs grades westward into a thick dunite zone corresponding to the Moho transition zone that is in contact with the layered gabbros in the Mirdita ophiolite. The layered gabbros and mafic cumulates crop out discontinuously along the western boundary of the upper mantle peridotites.
Bulqiza massif (Figure 5)
The Bulqiza massif lies in the central part of the eastern Mirdita zone. It is the largest peridotite body in this zone occupying a surface area of 350 km 2 . It contains one of the most important chromite ore deposits in the world, from which more than 16 million tons of chromite of metallurgical quality with 40%Cr 2 O 3 have been exploited so far. Along its northern, eastern and southwestern margins, the Bulqiza massif is thrust over the imbricate sub-autochthonous formations, including the Upper Triassic to Lower Jurassic limestones, Jurassic pelagic limestones and radiolarian cherts of the Korabi-Pelagonian continental margin, as well as a volcano-sedimentary mélange that includes ophiolite remnants (Kodra 1987; Dilek et al. 2005) . The mélange is locally overlain by a metamorphic sole consisting of micaschists and amphibolites, which are garnet-bearing at the contact with the basal peridotites on the eastern margin of the massif. Dimo-Lahitte (2001) reported the presence of granulite facies metamorphic rocks (amphibolites with clinopyroxene) without direct relation with the adjacent peridotites along the southwestern inner margin of Bulqiza. The Bulqiza massif represents 6-km-thick mantle peridotites (measured perpendicular to foliation ( Figure 5(b) ), consisting of 90% banded harzburgites. The harzburgite contains ,2% clinopyroxene, which increases in abundance in structurally lower sections in the massif (Gjata 1989) . Structurally upwards, the section becomes richer in dunites. At the scale of the geological map, the massif shows zoning from the bottom to the top (i.e. from east to west) that is composed of clinopyroxene-harzburgite, harzburgite-dunite, dunite-harzburgite, and the dunites of the Moho transition zone (Figure 5 (a) and (e)). These compositional bands are parallel to the penetrative structures in the peridotites. The thickness of the Moho transition zone varies from 200 to 600 m. Its internal succession consists of massive dunites inter-layered with harzburgites in the basal part, dunites with interstitial clinopyroxene or plagioclase in the centre, and wehrlites or troctolites toward the top. The upper mantle peridotites are crosscut by numerous dikes composed of pyroxenites and gabbros, locally with reactive margins, as well as fine-grained microgabbros and younger dolerites, plagiogranites, and quartz diorites. As in the Oman ophiolite (Boudier and Coleman 1981) , the gabbroic dikes occur above a level that lies at half-section, contributing to the large-scale zoning of the massif. The gabbroic dikes run nearly parallel to the statistical orientation of the sheeted dike complex, whereas the pyroxenite dikes show a sub-concordance with the HT foliation (Figure 6 (f) and (g)). 
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The crustal section of Bulqiza is limited to some 1-to 2-km-wide discontinuous outcrops at the western edge of the massif and consists mainly of gabbros. In the lower section of these gabbros, a wehrlite-troctolite-olivine gabbro layering is in continuation with the Moho transition zone. Nearly 80% of the plutonic section,
however, consists of isotropic gabbros. The entire crustal section experienced intense hydrothermal alteration down to the transitional Moho levels. The Bulqiza peridotites display a substantial record of HT deformation. The textures are equant or tabular. Olivine grains have a mean size of 3-5 mm with curved grain boundaries, with triple junctions and internally large substructures. These features as well as the ubiquitous recrystallization of orthopyroxene into polygonal neoblasts are indicators of important recovery, i.e. of HT deformation marked by a strong lattice preferred orientation. The deformation intensity increases toward the Moho, whereby LT and high-stress textures are locally superimposed. At the base of the section, the LT textures form a thick band, 2 km on average, and concordant lenses with thicknesses around hundred metres within the section ( Figure 5 (e)). They are marked first by the superimposition of tight substructures in olivine causing moderate to strong undulose extinction, then by the reduction of grains to sub-millimetric size related to dynamic recrystallization.
The HT foliation orientation changes from an N-S to NW-SE direction from north to south within the Bulqiza massif (Figure 5(b) ). This foliation has a steep westward dip that flattens close to the Moho, which itself has a low-angle westward dip (less than 25u). The other petrologic boundaries show a parallelism with the HT foliation. The HT lineations plunge steeply within a km-wide zone, which includes the important chromite ore deposit of Bulqiza-Batra. The lineations diverge horizontally out of this zone (Figure 5(c) ) in accordance with the dip direction of foliation. This structure, marked by sub-vertical plunge of the flow directions, may be interpreted as a diapiric structure in comparison with similar features in some other ophiolites (Nicolas 1989) . The shear senses of the inferred mantle flow (Figure 5(d) ) are highly consistent, showing a southward (or sinistral) sense in 59 measurements (out of 60) in the harzburgites of the main section, and a northward or northwestward sense in 12 determinations (out of 13) in the dunites beneath the Moho transition zone.
LT foliations strike parallel to the HT foliations, but are gently dipping westward in the basal harzburgites. LT lineations show two directions recorded in the conditions of increasing strain:
(1) E-W and down-dip of gently-dipping foliations; (2) NW-SE and horizontal, associated with steeply-dipping foliations.
The two geometries probably coincide with two successive deformation stages at LT conditions:
(1) an overthrusting from west to east, that is marked by eight shear sense determinations (out of eight), and that is also recorded in some HT structures of the southern part of the massif; (2) a dextral shear sense corresponding to a strike-slip of N-S direction (10 determinations out of 10).
The LT shear zones within the massif record two deformation episodes with the same direction of eastward overthrusting, but contrasting sense of shear along the N-S flow direction.
Lura massif (Figure 4)
The Lura massif occurs just north of Bulqiza ( Figure 4 ) and extends north-south covering a surface area of ,160 km 2 . On its eastern margin, it is thrust over the Triassic-Jurassic continental margin assemblages of Korabi-Pelagonia. The volcano-sedimentary units beneath the ophiolite are rare, although the metamorphic sole crops out continuously along the contact with the basal peridotites, reaching locally up to 600-700 m in thickness (Dimo 1997) . The metamorphic sole exhibits the common association of micaschists at the base and amphibolites upsection, with garnet developed locally at the contact with the basal peridotites. The western part of the Lura massif is concealed beneath the cover of Cretaceous limestones. The gabbros are exposed only at the northwestern edge of the massif.
Structurally and petrologically, the Lura massif appears to represent the continuation of a deeper part of Bulqiza. The massif is homogenous and consists of harzburgites that are relatively rich in clinopyroxene (3-4%) and very little altered. Dikes are scarce and are represented only by pyroxenites in the upper part of the peridotite section. The HT granular textures are well-preserved in a narrow band of the western part of massif. Outside this zone, the textures are porphyroclastic. The traces of LT deformation are marked by the superposition of tight sub-boundaries on the elongated porphyroclasts of olivine (average size 3 mm) and by significant grain-size reduction (down to 0.1 mm) attesting to an important episode of dynamic recrystallization. Mylonitic textures are locally observed.
Geometrically, the HT deformation fabrics correspond to the foliation planes striking NNW-SSE and dipping steeply westward (Figure 4(a) ), in continuity with the HT foliations in the Bulqiza massif, and to the sub-horizontal lineations (Figure 4(b) ). The sense of shear, determined in four separate occurrences, is sinistral, i.e. southwards, as in Bulqiza. The LT deformation fabrics occur in the eastern half part of the exposed upper mantle domain. As in Bulqiza, the LT structures display two geometries (Figure 4(b) ): an NE overthrusting developed at the contact with the basal metamorphic sole; and a dextral shear zone corresponding to an N-S flow direction.
Kukes massif (Figure 4)
The Kukes massif is the northernmost body in the eastern Mirdita zone, and it occupies an area of 80 km 2 . A detailed structural survey of the ultramafic section of this massif has been done by Hoxha and Boullier (1995) . Along its eastern margin, the Kukes massif is thrust over the Triassic-Lower Jurassic shallow-water limestones of the Korabi-Pelagonian continental margin. However, a volcano-sedimentary melange consisting of green and black shales and pelagic limestones interbedded with extrusive basic rocks, spilites, and diabases occurs discontinuously between the basal peridotites and the continental margin assemblages. The metamorphic sole crops out locally at the base of the Kukes peridotites and contains biotite and International Geology Reviewmuscovite calcschists displaying garnet amphibolite facies textures and mineral assemblages.
The NE and SW closures of the Kukes massif are covered by the Lower Cretaceous limestones. The Kukes massif exposes an 8-km-thick upper mantle section in its northern part. It shows a lithological succession similar to that described from the Bulqiza massif, with a harzburgite zone with up to 3% clinopyroxene (Hoxha 1993) at the base, grading upwards into harzburgite-dunite intercalations with dunites predominating at the upper levels, and finally into a zone of concordant chromite ore bodies that varies in thickness from 1.5 km in the south to 2.5 km in the north.
These dunites locally contain interstitial clinopyroxene and residual orthopyroxene. Towards the top of the section, the dunites are interlayered with wehrlite and gabbroic lenses that are ,300-400 m in thickness. Layering in the overlying lower gabbros is parallel to the Moho. The section of dunites and associated mafic interlayers represents a Moho transition zone, reminiscent of the transitional Moho in the Oman ophiolite (Boudier and Nicolas 1995) . Pyroxenite and gabbroic dikes locally crosscut the mantle section (Hoxha and Boullier 1995) and are generally perpendicular to the spinel lineation in the peridotites (Hoxha and Boullier 1995) .
Above the Moho, the layered gabbros of the Kukes massif are exposed in a kmthick section, with moderate inclination towards the SW. Upsection, these gabbros grade into a relatively thick series (maximum 3 km) of heterogeneous upper gabbros, most of which are represented by foliated gabbronorites. These gabbronorites are locally pegmatitic (in texture), cut by diabase dikes, and intensely hydrothermalized. Farther west and structurally upward these gabbronorites are overlain by a sheeted dike complex.
The peridotites of the Kukes massif are dominantly of HT with equant or tabular textures, including elongated olivine (1-3 mm) with straight lined and wide subgrains. The associated foliation is oriented NW-SE with an intermediate dip (45u) to the west and a mineral lineation down-dip on this foliation (Hoxha and Boullier 1995) (Figure 4(a) and (b) ). The sense of shear, determined in XZ thin sections by measurements of the olivine lattice preferred orientation, shows an eastward sense of shear in the lower section versus a westward sense in the upper section (Figure 4(b) ). The inversion line corresponds nearly to the lower boundary of the dunitic zone.
An LT lithospheric deformation zone is localized in a 2 to 3-km-wide band along the northern boundary of the Kukes massif close to the faulted contact between the ultramafic and mafic units (Hoxha and Boullier 1995) .
Tropoje massif (Figure 4) The Tropoje massif occupies an area of some 500 km 2 (excluding its extension in Kosova), and it is the largest ultramafic massif in Mirdita. It corresponds also to the maximum thickness of the Mirdita ophiolite, 14 km estimated from the gravity data (Frasheri et al. 1996) . At its northwestern boundary, the massif is thrust over the Apulian continental margin (itself largely affected by the Alpine tectonics), and is underlain by a 100-to 200-m-thick metamorphic sole.
The Tropoje massif displays complex petrological zoning. Lenses of hypersthene and garnet-bearing rocks and phlogopite-bearing harzburgites have been described from the deepest parts of the upper mantle section (Shallo 1994) . Most of the massif consists of depleted harzburgite and dunite, whose HT foliations are on average flat.
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This feature may suggest that the Tropoje massif exposes an undisturbed upper mantle section that lies beneath the dunites of the Moho transition zone. The Tropoje peridotites are highly rich in exploitable chromite ore deposits (Neziraj 1992) , and are crosscut extensively by pyroxenite dikes of variable azimuth (Figure 6(d) ) and by gabbroic dikes running NNW-SSE and dipping steeply (Figure 6(e) ), parallel to the sheeted dike complex. The crustal gabbros are exposed at the eastern margin, in continuity with the Kukes massif. The southern margin of the Tropoje massif is in tectonic contact with the sheeted dike complex of the upper crustal section of central Mirdita.
The HT foliations strike NW-SE and dip gently to the SW. The lineations trend NW-SE (Figure 4) . The sense of shear, estimated in thin sections, indicates a dominant shear movement toward the SE, which is the same as the shear sense deduced in the equivalent structural zone in the harzburgite-dunite unit in the Kukes massif.
The Tropoje massif can be distinguished from the other eastern massifs by the presence of a network of minor LT shear zones that intersect the HT structures within its rocks. They are marked by LT porphyroclastic or mylonitic textures, corresponding to temperature conditions lower than 1000uC. The parageneses may evolve down to antigorite schists that record greenschist facies conditions. These shear zones, several hundred metres thick, are oriented NW-SE with sub vertical foliations and steep lineations. The sense of shear (determined in eight stations) indicates an upward shear movement of the eastern domain relative to the western one. These shear zones and their kinematics compare with those of the ultramafic massifs in the western Mirdita zone. In particular, a shear zone developed at the Moho level of the Tropoje massif, along the southeastern contact with the gabbros, contains local occurrences of plagioclase peridotites, which are characteristic of the western massifs.
LT textures are also developed at the base of the upper mantle section on the western margin of the massif. The flat-lying foliation planes strike NW-SE with lineations oriented NNE-SSW and a shear sense to the ENE.
Ultramafic massifs in the western Mirdita zone
The western ultramafic massifs are distinguished by the presence of plagioclase peridotites, which are related to intense deformation at LT conditions. They preserve in their central parts harzburgitic cores with clinopyroxene deformed in HT conditions, recording asthenospheric flow. These massifs have thin crustal sections commonly missing gabbros. In most cases, diabase and lavas rest directly on the peridotites, which are locally overlain by amphibolite lenses. The western massifs contain no chromite ore deposits.
Krabbi massif (Figure 7)
Among the massifs of the western ultramafic belt, the Krabbi massif is the best studied. It is a large massif outcropping over an area of 180 km 2 (Figure 4 ). At its northwest limit, the Krabbi massif is in tectonic contact with both the deformed autochthonous cover of the western margin and the imbricated Upper JurassicLower Cretaceous flyschoidal formations of this margin.
The northwestern area consists of coarse-grained, HT clinopyroxenebearing harzburgites (average size of olivine 1-3 mm; Figure 2(a) ) that contain hundred-m-thick ductile shear zones, which are marked by high-strain, stretched orthopyroxene recrystallized in aggregates of neoblasts 0.5 mm in size (Figure 3(a) ). The strain increases to the southeast where the harzburgites grade into plagioclaseperidotites, relatively rich in clinopyroxene porphyroclast, which recrystallized to pargasitic amphibole. The intense deformation recorded in these rocks resulted in These plagioclase peridotites, which are also widespread in most of the western ultramafic massifs are not primary mantle lherzolites for two reasons: their plagioclase content is highly inhomogeneous, expressed by a mineralogical layering ranging from dunites to troctolites (Figure 3(b)-(d) ); and spinel grains do not exhibit the normal irregular morphologies and the close spatial association with pyroxenes typical of pristine lherzolites (Boudier 1976; Nicolas 1989; Dijkstra et al. 2001 Dijkstra et al. , 2002 , but rather show an idiomorphic shape, typical of the residual dunites, and a random distribution in the rock. We interpret these plagioclase-peridotites as an artifact of extreme deformation of dunites and harzburgites impregnated by basaltic liquids and intruded by gabbroic veins and sills. This interpretation applies to all plagioclase-lherzolites in the western ultramafic massifs and has strong geodynamic implications as discussed in a later section.
Gabbros are exposed both on the east and southwest margins of the Krabbi massif. A transitional Moho, composed of dunites impregnated with clinopyroxene and plagioclase, wehrlites and troctolites, grades upward into olivine gabbros through a tectonized and hydrothermalized zone. The Moho of the eastern margin is obscured by a shear zone oriented NW-SE (Figure 7(b) ), 3-km-thick, and consisting of feldspar-poor lherzolites with fine grained porphyroclastic or mylonitic textures that are intercalated with gabbros on a cm-scale (Figure 3(b) ). The preferential distribution of these facies within a thick shear zone at the contact with the gabbros points to the localization of ductile lithospheric deformation in zones rich in melt products.
Gabbros occur on a km-scale on both sides of the Moho transition zones. Olivine gabbros are interlayered with dunites and wehrlites of the Moho transition zone. Upsection, foliated and flaser-gabbros with a grain size reduction of 0.2 mm on average and recrystallized gabbros with pegmatitic textures are intruded by diabasic and hydrothermal veins. On its southern margin, the Krabbi massif is in direct contact with the diabase and basaltic lavas of the upper crust. This is a primary contact as evidenced by the gradation of lenses of amphibolitized diabasic dike and lava rocks upward into their unmetamorphosed counterparts.
Lenses of amphibolite, locally 100 m thick, are also present within the peridotites of the southern margin of the Krabbi massif, along a second shear zone, which is 3 to 4-km-thick and marked by porphyroclastic to submylonitic, pargasitic-amphibole peridotites (Figure 3(d) ). Thus, the contact between the LT peridotites of the Krabbi massif and the upper crustal units is also characterized by amphibolite-facies rocks. Similar amphibolitic rocks and deformation structures also occur along the northern margin of the Puka massif to the south of the Krabbi massif (Figure 4) .
The peridotites of the Krabbi massif are dominated by LT deformation features recorded in the two large shear zones, described above (Figure 7(b) and (c) ). The first shear zone is oriented NW-SE, with an accompanying sub-parallel foliation dipping steeply to the west. The mineral lineations are marked by stretched plagioclase grains that run parallel to the axes of isoclinal folds (Figure 3(c) ). This strong plagioclase-elongation lineation developed an L-tectonite structure in the plagioclase peridotites. The plunge of these nearly horizontal mineral-elongation lineations increases at the southeastern margin of the Krabbi massif. The shear sense is difficult to decipher in submylonitic facies rocks and do not provide consistent information. The field determinations based on the S/C fabrics suggest a dominant International Geology Reviewdextral sense of shear. Intense lithospheric deformation resulted in complete tectonic transposition in most troctolitic and gabbroic layers and in crosscutting dikes. This transposition clearly postdated the igneous accretion of the Krabbi massif.
The second shear zone, affecting the southern third of the massif, is oriented NE-SW, and contains mylonitic foliations striking NE-SW and dipping generally to the northwest. The lineations plunge down-dip toward WNW. In the southern end of the massif and at the contact with diabases and amphibolites of the upper crust, the lineations trend NE-SW, parallel to this contact.
HT textures are preserved in the northwestern part of the massif and are spatially associated with clinopyroxene-harzburgites. HT foliations in these rocks strike NE-SW with an average dip to the southeast, and with lineations plunging down-dip. The shear sense indicators suggest a normal movement toward SE. Despite their textural heterogeneity, the deformed gabbros have relatively regular foliations, which run N-S and subvertical in the southwestern part and NW-SE in the eastern part. In the topographic saddle of Puka south of the Krabbi massif, where the upper crust is exposed, the sheeted dike complex is oriented NW-SE.
Southern continuation of the western ultramafic massifs (Figure 4)
Our work in the massifs of Puka, Gomsiqe, and Skenderbeu farther south in the western belt has been only preliminary. The gabbroic lower crust is missing in these massifs, and the upper mantle rocks are in direct contact with the extrusive units of the upper crust. As in Krabbi, it is possible to observe relics of harzburgites preserving HT textures separated by thick ductile shear zones. Between the Gomsiqe and Skenderbeu massifs, the peridotites (commonly up to 90% serpentinized) are tectonically interlayered with extrusive rocks along NNW-SSE oriented shear zones at the km-scale.
The Shpati massif exposed in the southern part of Mirdita ophiolite represents one of the most important occurrences in the western belt, and is similar to the Krabbi massif in terms of its internal structure. The Shpati massif is thrust over the autochthonous cover of the Subpelagonian continental crust. Its mantle section is 8 km thick as measured perpendicular to the foliation (Figure 8 ) and includes a discontinuous metamorphic sole at the western margin, exposing garnet amphibolites and locally granulite-facies metamorphics containing clinopyroxene (Dimo 1997) . The mantle rocks (Figure 8 ) consist of, from west to east, a km-wide zone of LT harzburgites and a 2-km-thick HT harzburgite with foliations oriented NW-SE and moderately inclined to the east. The lineation in these HT harzburgites is horizontal. Still eastward a central longitudinal shear zone is exposed in which plagioclase-peridotites with subvertical foliations and gently to moderately northward plunging lineations occur. The mantle sequence ends with a 1-to 2-km-thick amphibole-peridotite section locally overlain by extrusive rocks in narrow structural grabens. The contact between the peridotites and the extrusive rocks is marked by ductile shear zones containing amphibolite facies mineral assemblages.
Crustal sequence of the Mirdita ophiolite
Crustal units of the Mirdita ophiolite occur in a 15-km-wide synform in the centre of the Mirdita zone in northern Albania (Figure 4 ). In the axis of the synform, the upper crust consists of a sheeted dike complex composed of diabase and keratophyre dikes. The latter group of dikes ranges in composition from basaltic 132
andesite, andesite to rhyodacite (Shallo et al. 1995; Dilek et al. 2007 Dilek et al. , 2008 PhillipsLander and Dilek 2009 ). The keratophyre dikes have a general azimuth of NNE-SSW, whereas the diabase dikes are oriented around NNW-SSW (Figure 6(a)-(c) ). Massive intrusions of plagiogranite crosscut the andesitic to rhyodacitic dike swarms in the eastern part of the synform (Dilek et al. 2007 , 2008 , Phillips-Lander and Dilek 2009 ). This east-west asymmetry of the crustal domain is more evident in the gabbroic section. In the east nearly 1-km-thick layered gabbros, consisting mainly of gabbronorites, are mostly exposed in the crustal part of the Kukes massif, where they are moderately affected by plastic deformation. In the western domain, the layered gabbros are poorly represented, consisting of gabbrotroctolite lenses interbedded with dunites in the Moho transition zone. They grade upwards into isotropic gabbros lacking any igneous structures although strongly affected by plastic deformation. The textures in these isotropic gabbros vary from strongly oriented porphyroclastic, to submylonitic in flaser-gabbros.
The Moho transition zone in the Bulqiza and Kukes massifs to the east shows concordant primary contacts between the sills of layered gabbros and dunites, lying above a thick (up to 700 m) dunitic zone. The Moho transition zone in the western domain is only locally exposed as a primary contact between the impregnated dunites and gabbro-troctolite sills (particularly in the southern part of the Krabbi massif) because it is strongly overprinted by ductile lithospheric deformation and the NW-SE-trending shear zones.
Kinematic analysis of mantle flow (Figure 9)
The Bulqiza massif exhibits the characteristics of an oceanic lithosphere, generated in the conditions of slow to moderate spreading rate. Using the classification of ophiolites by as 'harzburgite ophiolite type (HOT)' and 'lherzolite ophiolite type (LOT)' originating in fast-and slow-spreading conditions, respectively, we infer that the Bulqiza massif represents an intermediate type, represented by the mantle composition of clinopyroxene bearing harzburgite. This intermediate character is also marked by a thick and continuous dunitic Moho 
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transition zone and the presence of important refractory-type chromite ore deposits, localized within the harzburgite section. The Bulqiza crustal section also presents an intermediate character with the presence of less abundant layered gabbros. The average 25u westward inclination of both the Moho and the metamorphic sole may indicate the rotation of the Bulqiza massif to the west by this amount. The HT plastic deformation structures restored in their primary orientation constrain a mantle flow with flow plane dipping westward, a horizontal flow direction trending NW-SE (excluding the central zone) and a shear sense towards SE. Based on the inclination of the frozen mantle flow planes dipping off-axis (Nicolas 1989) , we infer that the palaeo-spreading was located east of the ophiolite in the present coordinate system; the shear sense associated with horizontal lineations suggests a sinistral strike-slip component. The LT ductile deformation in lithospheric conditions is expressed in the inner shear zones by a dextral strike-slip movement, and in the basal mylonitic facies by a thrust toward NE.
The Lura massif, which is a northeastward continuation of the Bulqiza massif, shows similar features. The nature of the peridotite section in the Kukse massif (Hoxha and Boullier 1995) suggests an intermediate to fast spreading with typically a thick Moho transition zone, the presence of chromite concentrations in the transition zone, an extensive development of HT structures with gently dipping flow planes and down-dip plunging flow lines (Figure 9) . Conversely, the composition of clinopyroxene harzburgite and the limited development of the layered gabbros at the base of the crust are indicative of slow spreading. The restored flow plane thus would have a gentle westward inclination with down-dip flow lines. The evaluated sense of shear is inversed at the level of dunites in the Moho transition zone (Figure 9 ). Such geometry has been described from other uppermost mantle units of ophiolites (Nicolas 1989; Ildefonse et al. 1995) and has been interpreted as a result of forced flow developed at the lithosphere-asthenosphere contact during seafloor spreading. This shear inversion is used as a geometrical indicator of the position of the half-plate relative to the palaeo-spreading centre. In the present case, the double sense of shear suggests that the peridotites of the Kukes massif overlie the eastern flank of the palaeo-spreading centre, whose N-S orientation is constrained by the orientation of the sheeted dike complex. This is in contrast to the observed westward inclination of the flow planes in the ophiolite, suggesting a palaeo-spreading centre to the east. The LT ductile deformation fabrics are poorly expressed except a sinistral shear zone along the NW contact between the ultramafic massif and the crustal gabbros.
The Krabbi massif is the only western massif where a detailed structural investigation has been conducted. It displays certain structural features that have been observed repeatedly in the other massifs of the western domain. It structurally appears as a half-dome with well-preserved asthenospheric structures at its western margin. Its contact with the crustal formations of the central Mirdita zone is underlined by 2-to 3-km-wide shear zones developed either in the anhydrous conditions of the plagioclase stability field or in the hydrated conditions of the stability of pargasitic amphibole, close to the contact with partly amphibolitized upper crustal rocks. Restoration in the geometry of the palaeo-spreading centre is constrained here only by the dip of the sheeted dike complex. These inclinations suggest an eastward rotation of some 20u for the western domain. The correction of this tilt drives in a subhorizontal asthenospheric flow plane with E-W flow lines and a steep westward dip for the NNE-SSW trending 'dry' shear zone (Figure 9 ). The WNW-ESE trending shear zone, which is subperpendicular to the palaeo-spreading centre, is subvertical with a dextral strike-slip component.
The tectonic configuration of the Tropoje massif with respect to a palaeospreading centre is enigmatic. Based on its structural polarity it may be considered as part of the western ultramafic belt, whereas based on its petrological characteristics it relates to the eastern ultramafic massifs. Its narrow ductile shear zones are, however, a feature of the western massifs. From the kinematic analysis point of view, the HT flow planes are consistently subhorizontal and the flow lines and the shear sense are directed eastward (Figure 9 ). Closure of the narrow ocean initiated by overthrusting of the western side of the ridge flank along the base of the lithosphere, followed by subduction of the eastern side of the ocean basin along this lithospheric decapitation line, and the formation of the metamorphic sole now exposed at the eastern margin of the ophiolite. Thus, the eastern massifs represent the youngest lithosphere obducted close to the ridge axis, whereas the western massifs correspond to the continentocean transition. The general dextral strike-slip movement inferred from our study indicates a NE-SW oriented transpression controlling basin closure. This strike-slip movement could have been responsible for an additional reduction as high as 30% in the width of the entire ophiolite belt. (c) Final constrictional phase via reverse faulting reactivating the previously formed normal faults, which were active during the rifting episode. This results in formation of the lower-grade metamorphic rocks enclosing the high-grade rock remnants observed on both sides of the ophiolite complex.
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Discussion and conclusions
The constraints provided by our structural investigation can be summarized as follows:
N The 300-km-long and 50-km-wide Mirdita ophiolite includes western and eastern peridotite massifs represented by different upper mantle types.
N The eastern massifs are mainly harzburgitic, showing primary magmatic contacts with lower crustal gabbros through a 100-m-thick dunitic Moho transition zone. These peridotites are dominated by HT deformation structures. The northern massifs, Tropoje and Kukes, record an asthenospheric flow pattern defined by gently to moderately dipping flow planes in the north that are subperpendicular to the nearly N-S-trending sheeted dike complex. The other two massifs in the north, Lura and Bulqiza, are dominated by dextral strike-slip flow patterns with an evolution from HT to LT conditions that are subparallel to the sheeted dike complex.
N The western massifs exhibit, in their deeper part, harzburgites that record HT asthenospheric deformation fabrics. Approaching the crust structurally upward, the harzburgites consist of plagioclase-and clinopyroxene-peridotites or pargasite-peridotites in primary contact with extrusive rocks. Collectively, all these peridotites are affected by intense shear deformation developed in lithospheric conditions. We interpret the plagioclase-peridotites as artifacts of inhomogeneously distributed melt impregnation processes, followed by intense plastic deformation. The same plastic deformation affected the base of the crustal section where the gabbros were significantly attenuated or excised. In this case, the Moho is marked by lower-grade amphibolites developed at the expense of the upper crustal units (i.e. mainly lavas). The western domain was also affected by intense and widespread hydrothermal metamorphism.
N In spite of their structural diversity, the western and eastern mantle massifs are linked by a continuous crustal section, which belongs to the same, single oceanic lithosphere. The differences between the western and eastern crustal sections (Shallo and Dilek 2003; Dilek et al. 2005 ) are interpreted to have resulted from major changes in spreading rates. In the western domain, relatively slow-spreading conditions facilitated tectonic extension via widespread faulting that led to mantle denudation; in the eastern domain, relatively fast-spreading conditions, controlled by magma driven extension, led to the construction of a thick and complete crust (Nicolas et al. 1999) . The kinematics derived from the present study ( Figure 9 ) points to an asthenospheric mantle flow striking subperpendicular to the palaeo-spreading centre in the northern domain (Tropoje and Kukes massifs). In the southern domain (Lura and Bulqiza massifs), this HT mantle flow trends sub-parallel to the palaeospreading axis and is associated with ductile sinistral strike-slip deformation. The LT deformation fabric, corresponding to lithospheric conditions, is marked by ductile dextral strike-slip shearing, dominant in the western massifs, but also expressed in the eastern massifs.
N Based on the present structural synthesis, we propose a geodynamic model for the evolution of the Mirdita ophiolite that also accounts for the following tectonic and geochronological constraints:
(1) the symmetry of the thinned continental margins suggest a parauthochtonous position of the Mirdita ophiolite in its current tectonic setting (Kodra et al.
International Geology Review1995; Dilek et al. 2005 Dilek et al. , 2007 between the Apulian and Pelagonian microcontinents; (2) the early detachment of oceanic crust near the palaeo-spreading centre was a synchronous event from east to west, whereas it was diachronous from south to north between 174 and 160 Ma (based on the ages of the metamorphic soles by Vergely et al. 1998; and Dimo-Lahitte et al. 2001) ; (3) the occurrences of granulites along the inner margin of Bulqiza (Dimo 1997) and garnet-pyroxenite boudins (equilibrated in HT, high-pressure conditions of 1200uC and 4.5 MPa) included in a serpentinite breccia at the margin of laminated peridotites in the western domain , or associated with phlogopite-bearing peridotites in the western metamorphic sole of the Tropoje Massif (Shallo 1994) call for peridotite exhumation from significant depths along the western continental passive margin.
N In the model of the in situ closure of a narrow ocean, which had opened between the Apulian Korabi-Pelagonian microcontinents in the Middle Jurassic, our study presents the following constraints:
(1) the ophiolite complex is continuous from west to east, and the dissimilarities between the western and eastern ultramafic massifs were related to inferred increases in spreading rates from west to east; (2) the spreading geometry of mantle flow patterns displays an evolution from off-axis spreading to ridge-parallel strike slip that was developed in conditions transitional from asthenospheric to lithospheric, and marking the transition from oceanic spreading to plate convergence. The inferred convergence resulted in underthrusting and subduction of the eastern domain, followed by overthrusting of the western domain near the spreading centre axis, as recorded by the lineament of metamorphic soles bordering the eastern massifs; (3) this overthrusting and related subduction were oblique, causing dextral strike-slip deformation slightly oblique to the spreading centre axis. The inferred strike slip deformation, which was dominant in the western belt, and which was superimposed on the HT mantle flow in the eastern belt, is characterized by 100-m-thick mylonitic bands; (4) finally, the last stage of compression was taken up by reverse faulting in greenschist facies conditions along previously formed normal faults. The greenschists metamorphism, developed at the margins of the ophiolite, partly obliterated the structural record of the higher grade metamorphic sole rocks. These reverse faults were also responsible for the exhumation of deeper mantle rocks on both sides of Mirdita and possibly for the extrusion of the deep granulitic rocks along serpentinized shear zones on the western side of Mirdita.
